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1 Introduction
In RAN1#104bis-e meeting, the following agreements on TB processing over multi-slot PUSCH were achieved.
	Agreement:

Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.

· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 

· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.

Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots

· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions

· FFS: other details. 
· FFS: whether such concept will be specified or not.
Agreements:
For the definition of a single TBoMS, down select among the following options:

· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 

· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.

· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.

· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 

· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 

· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 

· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 

· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 

· FFS: the exact TBS determination procedure. 

· FFS: whether a single TBoMS can be repeated or not.

· FFS: other implications, e.g., power control, collision handling and so on.


In this contribution, several aspects related to the support of TB processing over multi-slot PUSCH are to be discussed, including time domain resource allocation, frequency resources limitation, frequency hopping and relationship between TBoMS and PUSCH repetitions. 
2 Discussion
2.1 Time domain resource allocation 

 For PUSCH repetition type A, the same start symbol and symbol length in each slot are allocated by the configured TDRA table and the further indication signalling. As illustrated in Figure 1, there may be some UL symbols in the start and end of the slots, which cannot be utilized for TBoMS. In this way, not only will resources be wasted, but UE power consumptions and delay will also increase accordingly. 
PUSCH repetition type B like TDRA can overcome the problem mentioned above. As illustrated in Figure 2, consecutive symbols are allocated for back-to-back repetition, and there is no symbol gap between two consecutive slots. In this way, every UL symbol in the allocated slots can be well utilized.
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 Figure 1 Time domain resource allocation for PUSCH repetition type A
[image: image2.png]Symbol length

Start symbol




Figure 2 Time domain resource allocation for PUSCH repetition type B

Regardless of whether PUSCH repetition type A or type B like TDRA is used for TBoMS, “repetition number” and/or “L” fields in TDRA should be redesigned or reinterpreted. For PUSCH type B like TDRA, in one way, “L” can be extended to more than 14 symbols, and “repetition number” field can be cancelled. In another way, keep the maximum value of “L” the same as in release 16 and redefine it, for example, “L” represents the symbol length of a transmission occasion, and “K” represents the number of transmission occasions used by a single TB correspondingly, where “repetition numbers” field is replaced by “K”.
Proposal 1: PUSCH repetition type B like TDRA is preferred for TB processing over multi-slot PUSCH.
Proposal 2: Redesign or reinterpret “repetition number” and/ or “L” field in TDRA for multi-slot PUSCH.
2.2 Frequency domain resource allocation 
TB processing over multi-slot PUSCH could obtain power boosting gain by concentrating transmission power in a narrow frequency resources, which is especially benefit for power limited scenarios with poor coverage. So, frequency resources allocated for TB processing over multi-slot PUSCH should be restricted in a limited number of RBs.  From our point of view, it can be achieved by gNB scheduling without any specification effort.
In release 16, both consecutive and non-consecutive frequency resources allocation types are supported for PUSCH transmission. For non-consecutive frequency resource allocation type, i.e., uplink resource allocation type 0, in order to reduce the overhead of FDRA field in the scheduling DCI, the granularity of frequency domain resources allocation named Resource Block Group (RBG) related to BWP size was given, as illustrated in table 1. When BWP size is more than 144 RBs, the granularity of resource allocation type 0 is 16 RBs. Considering that TBoMS needs a limited number of RBs, e.g. 4 RBs, wider BWPs are not suitable for TB processing over multi-slot configured with resource allocation type 0. 
Table 1 Nominal RBG size P

	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36 
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16


Proposal 3: Limit the number of RBs allocated for TB processing over multi-slot PUSCH by gNB scheduling.
Observation 1: TB processing over multi-slot PUSCH should work in a narrower bandwidth part when uplink frequency resource allocation type 0 is configured, which can be achieved by gNB scheduling.
2.3  Frequency hopping
To get better coverage, frequency hopping should be supported for TB processing over multi-slot PUSCH, by which frequency diversity gain can be obtained. For PUSCH type B repetition in release 16, inter-slot frequency hopping and inter-repetition frequency hopping are supported, as illustrated in figure 3 and figure 4. It is obviously that inter-repetition frequency hopping is more suitable for fast varying channel conditions, while inter-slot frequency hopping could make better use of DMRS located in the same slot with a relative stable channel status. So, both inter-slot and inter-repetition like frequency hopping should be supported for TB processing over multi-slot for different channel conditions. While, considering that there are no repetition during multi-slot transmission for a single TB, the original frequency hopping modes cannot be reused without any modification. 
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Figure 3 Inter-slot frequency hopping for PUSCH repetition type B
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Figure 4 Inter-repetition frequency hopping for PUSCH repetition type B
To simplify the design of frequency hopping mode for TB processing over multi-slot, intra-TB frequency hopping should be taken into consideration. For intra-TB frequency hopping, different number of hops or different number of symbols in each hop can be configured by gNB according to different channel conditions, as illustrated in figure 5.a, 5.b and 5.c. For example, if the poor channel condition occurs, long hops with more symbols are configured to get more accurate channel estimation with more available DMRS; while, if the channel status changes fast, less symbols is configured for each hop. Through flexible configuration, the functions of inter-slot frequency hopping and inter-repetition like frequency hopping can be achieved. In addition, intra-TB frequency hopping can also be used in combination with joint channel estimation by configuring more symbols, e.g., more than 14 symbols, for each hop. Thus, intra-TB frequency hopping should be supported due to its flexible design.
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Figure 5.a Intra-TB frequency hopping configured with 6 symbols in a hop
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Figure 5.b Intra-TB frequency hopping configured with 10 symbols in a hop
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Figure 5.c Intra-TB frequency hopping configured with 20 symbols in a hop
Proposal 4: Support intra-TB frequency hopping for TB processing over multi-slot PUSCH.
2.4 Relationship between TBoMS and PUSCH repetitions
Considering that PUSCH repetition type A or type B like TDRA may be used for TB processing over multi-slot PUSCH, there is one issue that needs to be discussed: if a single UE supports both repetition and TBoMS, how to configure these two PUSCH transmission technologies and the relevant TDRA tables. One way is that only repetition or TBoMS is configured by RRC signalling at the same time. And RRC reconfiguration is needed if another method is applied. In this way, only the TDRA table to the relevant method needs to be configured. Another way is that still one method is used at the same time by dynamical signalling indication, but both of these two methods can be simultaneous configured by RRC signalling. By this means, a mixed TDRA table or two separate TDRA tables can be configured for these two coverage enhancement methods. 
Besides, TB processing over multi-slot transmitted with repetitions can be supported to achieve better coverage. In this way, one TDRA table is sufficient, which contains both the number of repetitions and the number of slots for once repetition.
Proposal 5: Consider the configuration and indication signalling design when a single UE supports both repetition and TBoMS.
Proposal 6: TB processing over multi-slot can be transmitted in conjunction with repetitions.
3 Conclusion
In this contribution, we discuss the mechanisms to support Type A PUSCH repetitions for Msg3. Based on the discussion, our views are summarized as follows.
Proposal 1: PUSCH repetition type B like TDRA is preferred for TB processing over multi-slot PUSCH.

Proposal 2: Redesign or reinterpret “repetition number” and/ or “L” field in TDRA for multi-slot PUSCH.
Proposal 3: Limit the number of RBs allocated for TB processing over multi-slot PUSCH by gNB scheduling.
Proposal 4: Support intra-TB frequency hopping for TB processing over multi-slot PUSCH.
Proposal 5: Consider the configuration and indication signalling design when a single UE supports both repetition and TBoMS.
Proposal 6: TB processing over multi-slot can be transmitted in conjunction with repetitions.

Observation 1: TB processing over multi-slot PUSCH should work in a narrower bandwidth part when uplink frequency resource allocation type 0 is configured, which can be achieved by gNB scheduling.
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